12.3 C.C. nitrogen at 21" and 760 mm. N = 1 2 * 6 0 . C1,H,O,,N, require C = 40.00; H = 1.35 ; N = 12.44 per cent, C = 39.95 ; H = 1.58. 0.1068 ,, 11.7 ,, 99 21" ,, 758 ,, N=12.44.
XL1.-Apiin and Apigenin. Palit 11. ATote on Vit e x in.
By ARTHUR GEORGE PERKIN, F.R.S.E. THE reactions of apigenin (Trans., 1897, 71, 805; 1898, 73, 666) , the yellow colouring matter of parsley (Apium petroaelirtum), have indicated that it is most probably a trihydroxyflavone. Its properties markedly resemble those of chrysin present in poplar buds, and the dihydroxyflavone constitution assigned to the latter compound by von Kostanecki (Bw., 1893, 26, 2901) has received full proof from the synthesis recently effected by this author in conjunction with Emilewicz and Tambor (Ber., 1899, 32, 13, 2448) . I n assigning to apigenin the above constitution, one doubtful point exists as regards its behaviour towards fused alkali, for whereas at a lower temperature p-hydroxyacetophenone is formed, a more energetic action gives, not only the expected phydroxy benzoic acid, but also protocatechuic acid, On the other hand, the methyl and ethyl ethers of this colouring matter yield, by means of alcoholic potash, the corresponding ethers of p-hgdroxybenzoic acid only, suggesting that the formation of protocatechuic acid is due rather to a process of oxidation than to the presence of a catechol nucleus in the substance. Desiring to obtain further in-formation upon this point, the behaviour of apigenin with nitric acid has been studied; this was also interesting as tracing further its analogy to chrysin, which also yields a mononitro-derivative (Piccard, Beg*., 1873, 6, 884), and might also elucidate the constitution of vitexin (Trans., 1898 (Trans., , 73, 1026 . The last colouring matter is apparently very closely related to apigenin, for not only does it yield the same decomposition products, but forms with nitric acid a substance, C15H605(N02)4, having the composition of a tetranitroapigenin.
EXPERIMENTAL.
Action of Nitric Acid on Apigenin.
The crude material for these experiments was the apiin prepared by Merck of Darmstadt, and this was converted into apigenin by the method previously described (Zoc. cit.).
Three grams of finely powdered apigenin were added to a solution of 12 grams of nitric acid of sp. gr. 1-42 in 60 C.C. of water, and the mixture digested at the boiling point for 20 minutes. A portion of the colouring matter was thus decomposed with formation of a pale yellow liquid and that remaining undissolved had a semigelatinous appearance. The latter, which when collected and dried, weighed 1.7 grams, was extracted with boiling alcohol, the extract evaporated to a small bulk and cooled, a gelatinous precipitate thus separating; this on gentle heating became more granular, and was then collected while hot and washed with alcohol. A concentrated solution of the product in hot nitrobenzene, when treated drop by drop with acetic acid, deposited crystals which were collected and washed. &f ononitroapigenin, C),,H,O,*NO,, forms minute, orange-yellow, prismatic needles, melting with decomposition at about 302' when rapidly heated, Dilute alkalis dissolve it with an orange coloration, but with concentrated solutions a sparingly soluble orange-red salt is formed. As is to be expected, the dyeing power of mononitroapigenin is slightly stronger, and the resulting shades of a more orange character than those given by apigenin itself.
On evaporation t o a small bulk, the dilute nitric acid liquid obtained during the preparatiou of this compound deposited crystals which were collected, washed with water, and purified by recrystallisation from dilute alcohol, It formed colourless leaflets melting at 235-236", was identified as m-cliiziti.o-p-hydrox?benxoic acid by the preparation of its ethyl salt, which was obtained as oolourless needles melting at 86-88O.
When vitexin (Zoa. cit.) is submitted to the prolonged action of dilute nitric acid, the compound Cl5H6O5(N0J4, is produced, but although numerous experiments mere carried out, a similar substance could not be prepared from apigenin in this manner. More energetio methods were therefore employed.
Apigenin, in quantities of 1 gram suspended in 5 C.C. of acetic acid, was treated drop by drop with about 4 C.C. of nitric acid of sp. gr. 1.42, the mixture being heated after each addition and allowed to stand until the action had moderated. The reddish-brown liquid at first produced became gradually paler and ultimately a fraoe of a orystalline powder separated; from this, the acid liquid was decanted, the residue washod with hot acetic acid, digested with a little nitric acid, and recrystallised by adding alcohol to its solution in hot nitrobenzene. The yield approximated to 5 per cent. of the apigenin employed. The abnormal percentage of hydrogen reoorded in the above analysis was due to the sudden decomposition of the substance, some nitrous fumes thus passing to the sulphuric acid employed for the absorption of the water.
T'rinitroapigenin (a), Cl,H705(N0,),, forms minute, glistening, yellow needles, sparingly soluble in the usual solvents, and when rapidly heated melts with decomposition a t about 296'.
I n its reactions with alkaline solutions, it behaves like the mononitro-compound, but its dyeing properties are stronger and the shades produced of a more orange character. Subsequent experiments showed that a larger yield could be obtained, if in place of apigenin the crude mononitroderivative is nitrated as in the manner just described. Thus 3 grams of mononitroapigenin gave 0.6 gram of the trinitro-compound or 10 per cent. on the weight of the apigenin first employed.
No higher nitro-derivative could be prepared by digesting trinitroapigenin (a) with boiling nitric acid of sp. gr. 1.42. It was thus slowly decomposed, and a sample of undissolved substance collected during the reaction was evidently unchanged trinitroapigenin, as analysis gave 10.67 per cent. of nitrogen. It is more readily attacked by nitric acid of sp. gr. 1.54, and the solution on evaporation and treatment with water deposited crystals which, after purification, melted at 119-121", and had the properties of picria acid, Published A preliminary study of the action of nitric acid of sp. gr. 1.54 was described in the former communication (Zoc. cit.), but the crystalline product was too small in quantity for examination. A slight modiflcation of the method, however, gave better results. Apigenin was added to cold nitric acid of sp. gr. 1.54 until the brown solution deposited a viscous mass, due t o the dilution of the acid by t h e water produced in the reaction. This was redissolved by the addition of a little fresh acid, and, on gently warming, a crystalline product now separated ; this was poured into a large volume of water, digested a t the boiling point for a few minutes, and the insoluble residue then collected, extracted two or three times with boiling alcohol, and purified by adding alcohol to its solution in hot nitrobenzene. It is sparingly soluble in the usual solvents, yields, with alkalis, sparingly soluble salts, and on mordanted calico produces shades similar to those obtained with trinitroapigenin ( a ) melting a t 296". The results indicate that this is a second trinitro-compound, which may be called trinitroupigenin (b), and its identity was rendered certain by the examination of distinct preparations. The fact that apigenin yields two trinitro-derivatives indicated that it should form a tetranitro-compound, and with the object of preparing such a substance, a mixture of nitric and sulphuric acids was now employed. After numerous experiments, the following method was adopted. Apigenin (I gram) was added, in small portions a t a time, with frequent stirring, to a mixture of 12 C.C. nitric acid of sp. gr. 1.54 and 12 C.C. of sulphuric acid. After standing for 15 minutes without further cooling, the mixture had become somewhat warm; it was then poured into 750 C.C. of boiling water, the resulting opaque liquid being rapidly strained through calico to remove a trace of resinous substance. The filtrate, on digestion at the boiling point, gradually deposited minute, orange-brown needles, which were collected, washed with water, and finally with alcohol, t o remove a brown impurity. The product was dissolved in a little hot nitrobenzene, alcohol added to the solution, and the crystals which separated recrystallised in a similar manner. The yield was approximately 0.2 gram. 0.1182 gave 0.1732 CO, and 0.0168 H,O.
Tetranitroapigenin, C, H605(N02)4, forms almost colourless needles which rapidly become yellow in the air, and melt, with decomposition, at 243-244O. It is sparingly soluble in the usual solvents, and does not dissolve in a1 kaline solutions, orange-red, insoluble salts being thus formed. If its solution in hot nitrobenzene is diluted with benzene, crystals containing nitrobenzene separate, which show signs of melting at 150°, owing to its liberation. It dyes mordanted calico similarly to the trinitroapigenins. I n its general reactions, this compound is thus identical wit.h the substance, C1,H60,(N0,),, previously obtained from vitexin (Zoc. cit.) . The melting point of this compound is given as 239-241°, but this slight difference is of little importance, for the very meagre yield of the substance from vitexin (2.5 per cent.) did not permit of a fuller purification than that recorded in the paper, The similarity OF the melting points of tetranitroapigenia and trinitroapigenin ( b ) is remarkable.
Action of Nitric Acid on Apiin.
Apiin, C,7H32016, is the gluooside of apigenin, and its decomposition acids can be represented as follows :
Gerichten (Ber., 1876, 9, 1124j did not study the action of nitric acid on apigenin, but obtained from apiin with this reagent picric and oxalic acids.
To avoid the tedious operations involved in the conversion of apiin into apigenin which require at least 3 days, it seemed possible that dilute nitric acid would decompose the glucoside into apigenin, which would become simultaneously nitrated. Addition of nitric acid to a boiling aqueous solut,ion of apiin caused the gradual separation of a yellowishwhite, gelatinous precipitate, but this, although containing nitrogen, bad not the properties of any uf the nitroapigenins. The substance prepared in this manner was difficult to manipulate, and this suggested the nitration of apiin in the presence of boiling 60 per cent. acetic acid. I n this case, although the apiin did not appear to dissolve, a brisk reaction ensued, and when this had moderated the mixture mas diluted with acetic acid and the insoluble residue then collected and washed first with acetic acid and then with alcohol. As analysis showed the presence of 3.35 per cent. of nitrogen, intermediate between that required for a nitroapiin (N = 2-13 per cent.) and a nitroapigenin (N = 4.44 per cent.), it appeared to be insufficiently nitrated, b u t a second digestion with boiling nitric and acetic acids produced no alteration in this respect.
As other preparations gave similar results, it became evident that a distinct compound is formed in this manner, by weight of the apiin employed. To determine if this substance was a nitro-glucoside, it was digested for 10 hours with dilute hydrochloric acid. The main bulk of the product, previously insoluble, now dissolved in boiling alcohol, and from this solution, by evaporation, a granular, yellow precipitate could be obtained, which crystallised from a mixture of nitrobenzene and alcohol in minute, orange-yellow needles. Its properties and the following analysis proved its identity with the mononitroapigenin above described. 0.1125 gave 4.75 C.C. nitrogen a t 21° and 755 mm. N = 4.77 per cent.
The action of nitric acid upon apiin consists, therefore, in the removal of one molecular proportion of glucose, and the formation oE the nitro-compound of a new glucoside of apigenin. It is remarkable, however, that the second glucose molecule cannot be removed by the prolonged action of nitric acid, and that the only change is one of slow but complete decomposition, m-dinitro-p-hydroxybenzoic acid being recognised as the main product. As shown above, dilute hydrochloric acid effects this change, which occurs probably as follows : C21H21011*N02 = C,,H,O,*NO, + C,H1,O,.
It is proposed to call this substance nitq*oapigetrin, as it is derived from the new glucoside apigetrin, which differs from apigenin in containing but one glucose residue. I n the previous communication, it was pointed out that, in order t o obtain an apigenin free from glucose, it is necessary to digest apiin for 20 hours with dilute acid. I n the light of the above result, it seemed possible that apigetrin might be prepared from apiin by a gentle decomposition with acid, but experiments in this direction yielded in each case a product containing apigenin. It seems, therefore, that the difficulties encountered in preparing pure apigenin are mechanical rather than chemical, and that the semi-geIatinous precipitate of the colouring matter which is first produced, being saturated with the glucoside solution, protects this to a considerable extent from tha action of the acid. The identity of the decomposition products (phloroglucinol, phydroxyacetophenone, and dinitro-p-hydroxybenzoic acid) and the similarity of the dyeing properties of vitexin and apigenin, led to the opinion that the constitution of the former might be represented by that of the latter with a aide chain attached (Trans., 1898, '73, 1030) . As there is now little doubt of the identity of tetranitroapigenin with the compound C15H,0,(N0,),, derived from vitexin, the reasonableness of this view is evident. I n considering the constitution of vitexin, to which the provisional formula C15H,0,( OH), was assigned, the number of hydroxyl groups is remarkable. These are not fully accounted for by its decomposition products, or expressed in its feeble dyeing properties, and as the apigenin complex it contains has only three hydroxyl groups, it is evident that the molecular weight is higher than that implied above, and that the side chain or residue of the molecule must consequentlybe rich in hydroxyl. These considerations have led to the suggestion that vitexin is probably cb very stccble glucoside 01 apigenim represented by the formula C21H20010 (C = 58.33 ; H = 4.62 per cent.), thus :
Vitexin.
Apigenin.
This conclusion is in harmony with the mean of the previous analytical results (C = 58.58 ; H = 4.46 per cent.). Previous figures indicate that this compound contains seven hydroxyl groups, for the yield of vitexin from its acetyl derivative, C21H13010(C2H30)7, was 57.30 per cent. ; calculated, 57.96.
A minor point is the dull olive coloration which a sulphuric acid solution of vitexin develops on heating, for this reaction is abnormal and not possessed by colouring matters of the apigenin type. On the above theory, this would be caused by the partial carbonisation of the sugar group, and it is interesting to note that quercetrin, the glucoside of quercetin, gives in this way a somewhat similar coloration. The insolubility of vitexin and its stable nature are at first sight opposed to the above view, for most glucosides are soluble in hot water or alcobol, and readily decomposed by acid. Curiously enough, the former property is possessed by the nitroapigetrin described in this paper, which, although very sparingly soluble, is a glucoside, and the latter by fustin, the glucoside of fisetin (Schmid, Ber., 1886,19,1753) . Should vitexin possess the constitution of a glucoside, it is probable, in view of its peculiar properties, that the method of attachment of the glucose to the rest of the molecule differs from that usually considered to exist in the ordinary type of these compounds. In a Published on 01 January 1900. Downloaded by State University of New York at Stony Brook on 30/10/2014 07:56:19.
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previous communication, scoparin (Proc., 1899, 15, 123) was shown to have properties in harmony with a methoxyvitexin, and this, if containing a sugar group, should thus be a glucoside of cc luteolin monomethyl ether. Although its stability, as is the case with vitexin, has not allowed of direct evidence on this point, the results a t present obtained appear to coincide with this view. A continuation of the work on scoparin and vitexin is now in progress.
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